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CHAPTER I

INTRODUCTION
In 1807 a Russian physicist by the name of Reuss performed an
experiment that may be regarded as the first observation of electro
phoresis.

He placed two vertical glass tubes in a piece of wet clay and

filled the tubes with water.
fine sand.

On the bottom of the tubes was a layer of

The wires from the poles of a "voltaic pile" with 74 couples

of silver rubles and zinc pieces were led into the tubes.

When the elec -

trie current was turned on Reuss noted that at the positive pole the water
became milky due to the migration of fine clay particles through the
layer of sand.

At the negative pole the water remained clear but in

creased in volume (Tiselius, 1930).
Chromatographic and electrophoretic separations are somewhat
related.

Chromatographic separation mainly exploits the differences in

solubility of various substances in a given solvent.

Electrophoresis

primarily utilizes the differences in charge and degree of ionization.
In chromatography the solvent moves along the paper carrying with it
the solute.

In electrophoresis the movement of the solvent is unimpor

tant because the electrically charged particle is moved (Smith, I960:
158).

Tswett and Day are referred to as having contributed much to

early assaying methods which involve chromatographic techniques
(Weil and Williams, 1950).

In 1850 F. F. Runge described a method for
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the analysis of mixtures of dyes by applying drops of dye solution to
blotting paper (Weil and Williams, 1951).

These and other workers

were responsible for the rapid development of chromatography.
Chromatography has in recent years been used to study the taxo
nomy of insects.

Micks (1954 and 1957) has reported on the separation

of hemolymph of several groups of insects and ticks by the use of this
method.
Pic ton and Linder (1892) described the effects of various entities
upon colloidal solutions.

They found that dissolved substances were re-

pelled from one of the electrodes of a battery which was immersed in a
solution.

An example of this phenomenon was noted to be colloidal ar-

senic sulphide and crystalloidal magdala-red.

The colloidal arsenic

sulphide is repelled from the negative electrode, while the magdala-red
is repelled from the positive electrode.

Later Picton and Linder (1897)

noted that various colloids in a vertical tube tend to migrate downward
when an electric current was passed through the colloidal solution.

For

some substances this occurred when the upper electrode was positive,
however, for other substances this phenomenon was seen when the upper
electrode was negative.

The statement was made that the migration

tends to be in relation to the acidic or basic nature of the colloid.
Much is owed to Hardy (1899) who studied the migration of boiled
egg-white suspension.

He observed that in acid solution the boiled egg-

white migrated toward the cathode, in alkaline solution the migration
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was to the anode.

The conclusion might be drawn that at a certain criti-

cal pH the egg-white suspension would not migrate at all;

at this point

the egg-white protein would be at the isoelectric point with the surround
ing medium.

Hardy's experiments, performed with protein molecules,

showed the amphoteric nature of these substances (Abramson et al. ,
1942:41).
Tiselius (1930) succeeded in developing what is known as the
"moving boundary" method of studying the electrophoresis of proteins.
Simply stated, his method was to put the protein sample and buffer into
a quartz U-tube.

Electrodes for positive and negative current were

placed in such a way as to come in contact with the buffer solution.
During the time that the current was on, the proteins migrate certain
distances relative to their ionic charges.

After a prescribed length of

time the electric current was turned off and the U-tube scanned with
ultraviolet light to determine protein movement.
Tiselius found that protein mixtures lend themselves well to
electrophoretic analysis.

Blood serum and plasma, when examined by

this unique approach, have led to important new findings for clinical
application (Wolstenholme and Millar, 1956:2).

Electrophoretic motion

under the influence of a power supply has been observed with colloidal
particles, proteins, as well as air bubbles, oil drops, quartz particles,
and other substances (Glasstone, 1951:522).
There have been many modifications of the electrophoretic meth-
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od in recent years.

Paper electrophoresis gave fairly good results,

however the time needed for each run was too great;

Lederer (1955:110)

speaks of running certain protein samples for 9 hours.
teins the length of each run is even greater.

For some pro

Despite its usefulness

interest in paper electrophoresis has diminished over the past several
years.

Protein separation on filter paper is not as sharp as with other

methods such as cellulose acetate.

The fibrosity of the paper is par-

tially responsible for blurring of the protein bands.

The fact that albu

men is adsorbed onto the filter paper also causes the protein bands to
run together.

Albumen migrates faster and leaves a thin trail over

which succeeding protein fractions must migrate.

This "tailing" of

albumen adds to the background color of the cleared strip.

Thus the

final percentage of albumen, as recorded by the Densitometer, is lower.
The final percentages of the subsequent protein bands is correspondingly
higher (Schulz, 1964).
In the agar gel method, a thin layer of agar is allowed to gel on
a solid support such as a plastic or glass plate.

After the agar has

gelled, the protein sample is added either to a small hole in the agar or
by soaking a sliver of filter paper in the sample and applying it to the
gel.

Because agar gel has relatively large pores, no retarding effect

is exerted upon the migrating proteins.
pore size is very small.

In starch gels, however, the

This factor tends to separate the proteins not

only by electrophoretic mobility, but by ultra-filtration.

Thus, in the
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starch gel method, the actual dimension of the protein molecule as well
as the electrical charge dictates the degree of mobility of that particular
protein.

As a result of these combined factors, more than 20 protein

fractions can be distinguished with the starch gel technique (Schulz,
1964).
Immunoelectrophoresis consists of placing an antigen-antibody
complex in close proximity within an agar gel and observing for precipitation.

If a common ag-ab system is used a white line will form at the

point of precipitation (Crowle, 1961:12).
Cellulose acetate strips were substituted for filter paper in 1957
by Kohn (Ohlsen and Charlton, 1961).

The advantages of cellulose ace-

tate strips over filter paper are manifold.

The main disadvantage en-

countered with cellulose acetate strips is that they are brittle when
“dry. "

The advantages of cellulose acetate are as follows:

tremely small protein sample can be used.
background can be obtained after staining.
eluted and quantitated photometrically.
delineated.

(1) An ex

(2) A completely clear
(3) The protein bands can be

(4) The protein bands are well

(5) No marked tailing of bands occurs.

(6) The serum sam

ple does not spread on application (Smith and Murchison, 1959, and
Feldman and Rachman, 1963).

The strips have a thickness of approxi

mately 130 microns with a pore size that ranges from 0. 5 to 3. 0 mi
crons (Scherr, 1961).
Brodie (1966) was able to show hemolymph protein differences
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in 18 species and subspecies of kissing bugs.

This study was conducted

to determine what biological variables might be present in electrophorette studies.

A taxonomic separation of Triatoma rubida (Uhler) popula

tions by electrophoretic procedures was also attempted.

In order for

the data obtained in a taxonomic study of insect hemolymph to be mean
ingful preliminary work was conducted to determine what biological
variables might be expected to alter the electrophoretic patterns.
Stephen and Steinhauer (1957) report that several factors have
been suspected of causing variation in insect protein; among these are
developmental, age, sex, and diet changes.
Alston and Turner (1963) have compiled evidence which indicates
that electrophoretic mobilities of plant-seed proteins may have taxonom
ic significance.
Electrophoresis with its extraordinary ability to differentiate
substances appears to open new vistas of discovery.

There is no doubt

that the use of electrophoresis as a taxonomic tool will afford access to
finer definition than has so far been possible (Leone, 1962:171).

CHAPTER II

MATERIAL AND METHODS
It was felt that there are three main categories of error that
could affect the electrophoretic results obtained in a taxonomic study,
i. e. , biological, mechanical or physical, and human.
Before the study of biological error producing anomalies could
be undertaken it was necessary to reduce, as far 9.S possible, the mechanical and human errors.

It has been found that such factors as pH,

amount of current, running time, and temperature of the buffer all mav
affect the quality of the electrophoretic strip (Brackenridge, I960).
Clark and Ball (1956) found that protein volumes showed considerable
variation at the species level.

Some insects had more protein bands

while others had greater protein density.
Even though the basic technique and apparatus for performing
paper electrophoresis, as well as the cellulose acetate method, is fairly
simple there are many pitfalls in the procedure.

It is necessary to have

considerable experience before satisfactory results can be obtained
(Kunkel and Tiselius, 1951).
Much time and effort was spent determining the optimal conditions under which to make the runs.

It was obvious from the beginning

that even subtle differences in the electronic apparatus would result in
misleading electrophoretic tracings.
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Approximately 400 of the Gelman
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1 x 6 3/4 inch cellulose acetate Sepraphore III strips were used in these
preliminary studies.

A total of approximately 800 strips were used dur-

ing this investigation.
A Beckman Spinco Duostat Model "R" power supply was used
throughout the course of these studies (Fig. 1).

Early in the prelimi

nary runs it became evident that the first run of the day differed from
subsequent runs.

The power supply was suspected of being the cause

of the difficulty.

This particular problem was alleviated by turning on

the power supply approximately 45 minutes before the first run of the
day.
Gelman High Resolution Buffer was used throughout this study.
This is a pre-packaged tris-barbital-sodium buffer of pH 8. 8.

Buffered

solution was prepared by dissolving one packet of the buffer in warm
distilled water.
to 1, 800 ml.

For high resolution work, the buffer was then diluted

Refrigeration of the buffer to 4°C greatly improved the

quality of the strips obtained.

This was demonstrated by conducting

controlled runs using refrigerated buffer and buffer at room temperature.

The cooled buffer tends to control heat build-up and reduces evap-

oration.

Refrigeration controls microbial contamination thus extend-

ing the life of the buffer.
The electrophoretic migration chamber was filled with 500 cc of
4°C buffer.

Care should be exercised to make sure that each section

of the electrophoretic cell contains the same level of buffer.

During the
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course of a 1-hour electrophoretic run, the buffer temperature increased
approximately 11 degrees centigrade, i. e, , 4 to 15°C.
Thoroughly soaked cellulose acetate strips were found to result
in better electrophoretic patterns.

In handling the strips care should be

taken not to contaminate the strips with dirt, grease or other foreign
material.

The strips were floated on top of the buffer until thoroughly

wet, and then completely immersed.

Failure to follow this technique

resulted in the strips having a mottled appearance.

This affected the

final appearance of the protein patterns on the strips.

Gelman electro

phoretic strips are ready for use as soon as they have been thoroughly
wetted.

As soon as the strips were taken from the buffer solution the

excess buffer was removed by placing the strips on a piece of blotting
paper that had been moistened with buffer.

Dry blotting paper removed

too much moisture from the strips.
The cellulose acetate strips were next placed across the plastic
dividers of the buffer chamber.

The ends of the strips adhered to pieces

of blotting paper placed along the outside of the plastic dividers.
was placed 1 inch from the ends of the strips;

A mark

this made possible the

same relative placement in the migration chamber for all the strips
used in the study.
The power supply was connected to the electrophoretic cell so
that the positive polarity was on the right and the negative on the left.
The power supply was adjusted to deliver 1. 5 milliamps per strip for a
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period of 2 minutes.

Pre-running the electric current through the cel

lulose acetate strips had a conditioning effect which resulted in greater
uniformity of the final product.
Four lambda of hemolymph were obtained from each kissing bug
by clipping off a tarsus, usually the left rear tarsus (Fig. 4),

Without

squeezing the bug, 4 lambda of hemolymph were collected in a Beckman
pipette (Cat. No. 320016).

Excessive finger pressure on the bug resulted

in fatty tissue mixing with the hemolymph.

This caused the protein band

to MsmudgeM and greatly decreased the value of the strips (Brodie, 1966).
When taking hemolymph from starved specimens it was necessary to cut
off the leg at the coxa with a sharp razor blade, this allowed freer flow
of the hemolymph.
The hemolymph was carefully placed on the applicator (Fig. 5).
To prevent "tailing" on the edges of the strips, the outer l/8th inch of
each side of the applicator was left free of protein sample.

The pre

soaked cellulose acetate strips were placed onto a piece of blotting pad
which had been dampened with buffer.

The strips were left on the blot-

ting pad to provide the proper background for application of the protein
sample.

The protein sample was applied approximately 2 inches from

one end of the strip (Fig. 6).

One should press lightly making sure that

the applicator is held in the vertical position.
must be at right angles to the edge of the strip.

The applicator wires
If the applicator is held

in such a way that the wires are not perpendicular to the edge of the
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strip, the protein pattern will be distorted giving erroneous results.
The strips were next carefully lifted from the blotting pad and
placed in the electrophoretic cell.
permitted to become dehydrated.

The strips must not at any time be
A total of 4 strips were used per run.

This was felt to represent an optimum number.

When a greater number

of strips was used difficulties were encountered in handling.

Aberra

tions in the final protein pattern resulted when 5 or more strips were
used per run.
The pre-warmed power supply was turned on and adjusted to
deliver 1. 5 milliamps per strip for 1 hour.

At this amperage, using

Gelman High-Resolution Buffer chilled to 4°C the initial voltage was
approximately 350 volts;

as the buffer gradually warmed, the resistance

to passage of a given amount of current decreased.

During the course

of a 1-hour run the voltage dropped from approximately 350 volts to 250
volts (Raymond, 1954).
One should attempt to maintain an even flow of current.

A surge

of current tends to pull the protein molecules on the strips out of line.
This will produce a false reading when the electrophoretic strips are
scanned.
At the end of the 1-hour run the strips were promptly removed
from the migration chamber.
clarity in the protein bands.

Failure to do this resulted in losing
Care was taken to insure that the strips

did not at any time touch the center bridge in the migration chamber.
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If the strips come in contact with the center bridge in the migration cham
ber, protein separation in that area is destroyed.
The electrophoretic strips were stained for 5 minutes in Ponceau
S stain (prepared by placing 2. 5 grams of the dye in 500 ml of trichlora
cetic acid).

Care should be taken during the transfer to insure that the

strips remain in the horizontal position at all times.

The background

and excess stain was removed by placing the strips for 1 minute in each
of 3 containers of 5% glacial acetic acid.
Clearing the cellulose acetate strips was found to be one of the
most critical phases of the entire procedure.

In order for the strips to

clear properly, they must be completely dehydrated.

This was accom

plished by carefully rinsing the strips in 95% methyl alcohol.

An alter

nate method, less satisfactory, is to allow the strips to air dry.

If any

moisture remains in the strip, a loss of transparency in the finished
product will result.

The actual clearing is accomplished by immersing

the dehydrated strip into a solution of 25 ml of glacial acetic acid and
175 ml of 95% methyl alcohol.
clearing solution be used.

It is extremely important that only fresh

If the clearing solution is exposed to air, for

an extended period, the volatile alcohol will evaporate and will thereby
concentrate the glacial acetic acid.
quickly dissolve.
erly;

Strips placed in such a solution will

If the acid is too weak the strips will not clear prop

an opaque strip is the result.
The strips were allowed to remain in the clearing solution for
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approximately 30 seconds.

They were then rerpoved from the solution

and placed on a cool, clean, flat piece of glass that was slightly shorter
than the length of the strips.

Forceps were used in removing the strips

in order to keep the strong clearing solution from irritating the hands.
Trapped air bubbles were removed by rolling the strips onto the
If the air bubbles are not removed from between the strip and

glass.

the glass plate permanent distortion of the strip will result.
The strips were removed from the glass plate and scanned.

To

keep the strips for future reference, they were mounted on 4 x 6 cards.
Such pertinent information as date, species of bug, run number, etc. ,
was placed on the cards.
The Densicord (Model 54Z) and Integrator (Model 49A) were cali
brated as per instructions (See Densicord manual no. 542) (Fig. 2).
The instruments were allowed to warm up for approximately 45 minutes.
The cleared electrophoretic strips were inserted into the Densicord
carrier.

The Densicord was adjusted to a reading of zero on a portion

of the cellulose acetate strips that had no protein bands.

All tracings

used in this study were made from strips run through the Densicord at
a ratio of 2:1.

The Densicord tracings are, therefore, twice as long as

the strips from which they were derived.

The Integrator recorded the

density of each protein band by making tally marks on the ink tracings
below the respective protein peaks (Fig. 7).

Additional information

concerning electrophoretic procedures may be obtained from the Gelman
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Manual (Gelman Manual, 1966).
The bugs used in this study were subspecies and hybrids of
Triatoma rubida (Fig. 3).

The collection sites and hybrid data are as

follows:
Natural Populations:
Triatoma rubida uhleri Neiva.
Superstition Mt. , Pinal Co. , Arizona.
14. V. 1963. R. E. Ryckman and P. J. Williams.
Triatoma rubida uhleri Neiva.
6 km. N. Vail, Pima Co. , Arizona.
12. VIII. 1965. R. E. Ryckman and A, E. Ryckman.
Triatoma rubida rubida (Uhler)
38 km. S. La Paz, Baja California Sur, Mexico.
13. VII. 1964. R. E. Ryckman and C. P. Christianson.
Triatoma rubida sonoriana Del Ponte.
25 km. S. E. Los Mochis, Sinaloa, Mexico.
23. VII. 1964. R. E. Ryckman and C. P. Christianson.
Triatoma rubida uhleri-sonoriana.
Cholla Valley, Tiburon Is. , Sonora, Mexico.
23. VI. 1963. R. E. Ryckman and P. J. Williams.
Triatoma rubida cochimiensis Ryckman.
242 km. N. W. La Paz, Baja California Sur, Mexico.
18. VII. 1964. R. E. Ryckman and C. P. Christianson.
Triatoma rubida jaegeri Ryckman.
Pond Island, Gulf of Lower California, Mexico.
26. V. 1962. R. E. Ryckman, A. E. Ryckman, C. P. Christianson.
Hybrid Populations:
#177 (rubida cf cf x sonoriana $ $ )
#179 (rubida cf cf x cochimiensis $ $ )
#180 (cochimiensis cf cf x rubida ? ? )
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Hybrid Populations (continued):
#181 (rubida cf cf x uhleri $ $ )
#182 (uhleri c? cf x rubida $ $ )
#184 (jaegeri cf cf x rubida $ $ )

CHAPTER III

RESULTS AND DISCUSSION
During the course of these studies it became apparent, through
careful comparison of the protein tracings, that nine peaks were present
in the Triatoma Rubida Complex.

An attempt was made to piece to

gether a cumulative pattern in order to demonstrate these protein bands
(Fig. 8).

The baseline in Figure 8 is calibrated in centimeters to indi-

cate the distance of migration from point zero.
are designated 1 to 9 respectively.

The nine protein peaks

The peak above the "0" on the right

is the point of application, and not the result of a protein band.
Figures 9 to 36 represent an attempt to correlate the numbers
of the protein bands with those of the cumulative tracing.

In this way

the bands in the same relative position bear the same numerical desig
nation.

It was found that all natural and hybrid populations of Triatoma

rubida possess three bands in common, 1, 3 and 7.
ent,

was found in Triatoma rubida cochimiensis and in hybrid popula-

tion #180 (cochimiensis cf cf x rubida 9 9).
ent

Band 2, when pres-

Band 4 was found to be pres

in Triatoma rubida uhleri and in 2 hybrid populations #181 (rubida

cf c? x uhleri9 9 ), and #182 (uhlericf cf x rubida9 9 ).

Bands 5 and 6

were found to be present in the natural population of Triatoma rubida
uhleri-sonoriana from Tiburon Island.

Band 8 was unique in that it was

found only in Triatoma rubida sonoriana.
16

Band 9 was found in all but
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three of the normal entities studied;

these were the natural populations

of Triatoma rubida jaegeri, Triatoma rubida uhleri-sonoriana, and hy
brid population #184 (jaegeri cf cf x rubida ? ? ).
ence

The absence or pres-

of protein peaks and the height, migration, and volume of the pro-

tein peaks were the differentiating criteria.

In addition to these, much

time was spent in scrutinizing the general appearance and relative mi
gration distances of the various protein peaks.

The heights, migration

distances, and the tally marks representing the protein densities were
measured (Fig. 7).

These data were punched on IBM cards;

the com

puter was programmed to indicate the relative over-all differences in
the patterns obtained.
Figures 9 to 36 represent typical tracings obtained in these
studies.

Two of the studies, the Triatoma Rubida Complex, Figures 9

to 20 and the laboratory induced bleeding studies, Figures 23 to 26,
were computer programmed.
Figures 9 and 10 indicate the variation found among normal
appearing Triatoma rubida uhleri ? $ .
patterns are apparent.

Obvious differences in the two

In Figure 9, peaks 1 and 3 are much more com

pletely separated than are peaks 1 and 3 of Figure 10.

Examination of

the original electrophoretic strip used in Figure 10 showed a definite
demarcation between protein peaks 1 and 3;

however, the bands were

in such close proximity that the writing pen on the Densitometer did not
have sufficient time to reach the base line after tracing peak 1 and before
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commencing to trace peak 3.

The peaks found in the two tracings have

approximately the same relative position.

The protein bands in Figure

10 were more dense than those in Figure 9.

Variation Due to Innate Biochemical Differences in Populations:
Visual differentiation of the various subspecies and hybrids of
the Triatoma Rubida Complex was in most cases fairly easy.
make at least 10 runs of each subspecies or hybrid population.

One should
It is then

possible to ascertain how a typical protein pattern should appear for each
of the groups studied.
Figures 37 and 38 are canonical scattergrams of the Triatoma
Rubida Complex.

These scattergrams indicate the relationship of the

several populations of the Rubida Complex.

Calculation of these scatter

grams is based upon 3 variables which were ultimately derived from 27
original variables.

The 27 variables were derived from the heights.

migration distances, and volumes of the nine proteins shown in Figures
9 to 20, and on the second scattergram, Figures 23 to 26.

These scat

tergrams are based upon the 1st and 2nd canonical variable which were
derived from the 27 original variables.

The canonical variables evalu

ated as group means (Table 3) can be used to check the mean coordinates
of the natural and hybrid populations studied in this investigation.
group means are indicated on the scattergrams by asterisks.
dot under a number signifies a male individual.

The

A small

A small number below

and to the right of a larger number indicates that two or more individuals
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of the same sex fell on that particular spot.

A multi-dimensional rep

resentation would be necessary to demonstrate all of the factors the
computer considers.

The canonical variables shown in Table 3 indicate

the numerical values given by the computer for the "X, 11 "Y" and "Z"
axes;

i. e. , the 1st, 2nd and 3rd dimensions respectively.

(Dixon,

1965:587-605).
Figures 37 and 38 are canonical scattergrams of the Triatoma
Rubida CompLex, natural and hybrid populations.

Numbers 1-5 (Fig.

37) represent the following natural populations respectively:

(1) Tria

toma rubida uhleri, (2) T. rubida sonoriana, (3) T. rubida uhleri-sonoriana, (4) T. rubida cochimiensis, (5) T. rubida jaegeri.

Numbers 6 -

11 (Fig. 38) represent the following hybrid populations respectively:
(6) #177 (rubida cf cf x sonoriana $ $ ), (7) #179 (rubida cf cf x cochimien
sis $ $ ), (8) #180 (cochimiensis d' cf x rubida $ 9 ), (9) #181 (rubida cf cf
x uhleri $ $ ), (10) #182 (uhleri d cf x rubida 9 9), (11) #184 (jaegeri d d
x rubida 9 9).

A total of 9 protein peaks is represented by these scat-

tergrams (Fig. 8).

Ten live bugs were used from each of the natural

and hybrid populations with the exception of (5) Triatoma rubida jaegeri
from which only 3 tracings were derived, and hybrid population (6) #177
(rubida cf cf x sonoriana 9 9 ) from which 5 tracings were derived.
group means are given for each population;

Two

one for cf cf and one for 9 9 •

The natural populations, numbers 1-5, are rather well separa
ted by the canonical scattergram as indicated by figure 37.

Likewise
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there is little difficulty in visually separating the patterns of the natural
populations.

The hybrid populations are, as might be expected, grouped

much closer (Fig. 38).

Hybrids #179 (rubida d cf x cochimiensis 9 $ )

represented by No. 7 on the scattergram and hybrids (8) #180 (cochimiensis d* c? x rubida $ $ ) are in close proximity on the scattergram.
This might be expected because these two hybrids are reciprocal crosses.
Likewise hybrids (9) #181 (rubida d d x uhleri $ $ ) and hybrids (10)
#182 (uhleri d cf x rubida $ $ ) are closely associated on the scatter
gram;

these also are reciprocal crosses.
Figures 21 and 22 are a comparison of the sexes in Triatoma

rubida uhleri.

In most cases it was found that the protein bands from

$ $ were more dense than those from the cf d*.

In the typical examples

exhibited here the protein tracings, with the possible exception of band
3, are heavier in the $ .

Van Sande and Karcher (I960) found no elec-

trophoretic differences between the sexes.

However, Brodie (1966) was

able to correctly determine the sex in a high percentage of cases by use
of computer techniques.

In this study the computer was able to correctly

identify the bugs to sex in 94 out of 98 cases, approximately 95. 9%
accuracy.

In some cases the tracings obtained from the bugs could be

easily distinguished as to sex.

This is especially true of the natural

population of Triatoma rubida uhleri-sonoriana represented by No. 3
in Figure 37.

Note that the cf d* and $ ? are remote from each other.

The same is true, to a lesser extent, of Triatoma rubida uhleri repre-
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sented by No. 1 on the scattergram.

Variation Due to Induced Bleeding:
Figures 23 to 26 illustrate a study of induced laboratory bleeding
of Triatoma rubida uhleri 5th instar nymphs.

A group of normal appear

ing 5th instar nymphs were segregated from the stock colony.

These

bugs were clipped and their hemolymph studied consecutively for 4 weeks.
Figure 23 demonstrates a typical normal T. rubida uhleri pattern.
5 of the peaks are well delineated.

All

Week 2, as shown in Figure 24, con-

tinues to demonstrate a fairly typical T. r. uhleri pattern.
week, band 3 was showing signs of disappearing.

By the 3rd

The electrophoretic

pattern for the 4th week is markedly altered, and band _3 has all but
disappeared.

As one studies the tracings for the 4-week period, it be

comes obvious that a reduction has taken place in the total protein of
the bled insects.

The only major exception to this continuous drop in

protein, is peak 7 week 3.

It appears that peak 9 on both week 3 and 4

is slightly larger than during the first 2 weeks.

The total values given

by the integrator fell from 101 for week 1, to 56 for week 4.
Using the facilities of the Clinical Laboratory at the Loma Linda
University Hospital total protein counts were performed on non-bled and
bled bugs from this same group.

The bugs that had been subjected to

the bleeding had approximately two-thirds (67%) as much protein in their
hemolymph as did the normal, non-bled bugs.
A total of 7 lambda was taken for each electrophoretic strip.
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Four lambda were required to fill the pipette from the first to the sec
ond

calibration mark.

For every electrophoretic strip run 3 lambda

of hemolymph were wasted.

The reason for this is that 3 lambda of

fluid were required to fill the pipette from the tip to the first calibration
mark (Fig. 4).
It was discovered that the bugs were actually losing more hemo
lymph than was at first apparent.

The hemolymph did not seem to im

mediately ncl.otM thus the clipped tarsus bled for some time.

This was

partially rectified by placing the clipped tarsus in chalk dust which
slowed bleeding.
The canonical scattergram shown in Figure 39 demonstrates
the changes that occurred in the hemolymph of the bugs over a 4-week
period.

Weeks 1-4 are represented by their respective numbers.

Note the dissimilarity of the sex canonical means at week 1.

The means

grow progressively closer until at week 4 the cf and ? means are at the
same point.

As one scrutinizes the protein tracings derived from these

bugs it becomes obvious that there is much less variation by the 4th week.
Table 4 indicates the canonical variables evaluated at group means.

Variation Due to Blood Meals from Different Hosts:
Figures 27 and 28 represent the tracings obtained from host
effect studies.

A group of starved Triatoma rubida uhleri 4th instar

nymphs were used;
blood;

one half of this group of bugs was fed on rabbit

the remainder of the bugs were fed on chicken blood.
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A period of 6 weeks elapsed between the initial feeding of the
starved bugs and the actual running of the electrophoretic strips.

Dur

ing this period the bugs were fed twice per week and they subsequently
molted from the 4th to 5th instar.
Table 1 represents the mean protein volume found in <3 and 9
rabbit-fed and chicken-fed bugs.

The protein values were obtained by

counting the tally marks recorded by the integrator;

the mean percent

ages were obtained from the individual protein bands of all 4 groups.
The rabbit-fed bugs demonstrated a greater total protein than did the
chicken-fed.

The rabbit-fed $ bugs demonstrated a much greater pro-

tein density than did any of the other groups.

The chicken-fed cf bugs

exhibited a greater protein density than did the chicken-fed ? bugs.
Apparently there are differences in the protein composition of
the hemolymph of the bug groups.

Bands 1 and 3 respectively demon-

strate marked differences when comparing the chicken-fed with the
rabbit-fed bugs.

Therefore, in a taxonomic study one should whenever

possible use bugs fed on the same host to assure a higher degree of
validity.

Benoit and van Sande (1959), working with other genera and

species of bugs, were unable to demonstrate any host effect.

Variation Due to Natural Pathology:
Figures 29 and 30 are a comparison between a normal appear
ing 5th instar T. rubida sonoriana 9 and an abnormal appearing 5th instar
T. rubida sonoriana $ .

The bug from which Figure 30 is derived was a
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pathological specimen.

The abdomen was very distended and presented

a whitish, almost translucent appearance.

The bug seemed less agile

than did other members of the same colony;

when the tarsus was clipped

the hemolymph ran out as if under pressure.
According to Wigglesworth (1947:299-324) the lining of the insect
midgut is comprised of absorptive cells of endodermal origin.

These

cells are for the purpose of removing and transporting the moisture from
the blood meg,! through the gut wall and into the hemocoel.
enon

is due to an active transport process.

This phenom-

The malpighian tubules

are located at the junction between the midgut and the hindgut.
tubules form a network through the hemocoel of the bug.

These

One function of

these structures is to reabsorb moisture from the hemocoel.

This mois -

ture is then taken into the hindgut of the bug where it is excreted.

If for

some reason, due to blockage or other disturbance, the tubules cease to
perform their function liquid may accumulate in the body cavity, and relatively high hemolymph pressures may occur;

i. e. , if the tubules cease

to reabsorb the moisture from the hemocoel the bug may appear bloated.
The appearance of Figure 30 bears little resemblance to Figure

29.

Of the five peaks demonstrated in Figure 29, only three peaks J_,

3, and 7 are still evident in Figure 30.

Peak 1 Figure 29 indicates a

fairly heavy protein band, while peak 1_ Figure 30 has all but disappeared.
Peak 3 represents the only protein band, that did not show marked alteration.

Peak 7 of Figure 30 is greatly reduced when compared with
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the same peak in Figure 29.

Peaks 8 and 9 as shown in Figure 29 are

completely missing in Figure 30.
There is no doubt that certain physiological and pathological
anomalies may cause misleading results to be obtained in electrophoretic
patterns.

It is therefore essential in taxonomic electrophoretic studies

to use normal appearing specimens and to control all possible variables
such as age, stage, nutritional and host effects if possible.

Variation Due to Instar Effect:
Figure 31 is the protein tracing from a 4th instar Triatoma rubida
cochimiensis and Figure 32 is the tracing of a 5th instar T. rubida cochimiensis $ .

The most noteworthy difference between the 4th and 5th

instar patterns is the distance of migration.

In Figure 31 the protein

sample migrated 5-3/4 cm, and in Figure 32 the protein migrated 7-3/4
cm.

The protein bands in both figures bear a marked similarity.

In

Figure 31 peaks 1, 2, and 9 are of slightly less width and density than
the same peaks in Figure 32.

However, peaks 3 and 7 in Figure 31 are

of greater volume than the corresponding peaks in Figure 32.
The primary objection to working with bugs of the 4th instar and
younger is the difficulty of handling them.
smaller than in the older forms.
available is much less.

The legs and tarsi are much

In addition the volume of hemolymph

Several 3rd or 4th instar bugs are frequently

required in order to obtain the needed 7 lambda of hemolymph.

When a

number of bugs are needed for a sample of hemolymph the time required
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to clip the several bugs and collect the hemolymph often exceeds the
coagulation time of the hemolymph.
pipette may become clogged.

In this case the end of the micro-

The primary disadvantage in using adult

bugs is the tendency to get fatty particles mixed in with the hemolymph.
This results in the finished electrophoretic strips taking on a smudged
appearance which seriously hampers scanning.

When one bears these

factors in mind, it becomes obvious that the 5th instar nymphs are the
bugs of choice for taxonomic purposes.

Variation Due to Starvation Effect:
Preliminary investigations seemed to indicate that bugs that had
been fed only 1 day previous to the collection of the hemolymph tended
to give lighter or more "washed out" patterns than did the bugs fed 3 4 days before the electrophoretic strips were made.

Figure 33 illus -

trates a hemolymph pattern from a typical, well-fed, 5th instar T.
rubida uhleri $ .

This pattern is normal in every respect displaying

bands 1, 3, 4, 7, and 9.

Figure 34 is the pattern of a 5th instar T.

rubida uhleri $ that had been starved for 5 months.
ated 1st and 7th bands.

Note the accentu-

These were among the most dense bands ob-

tained with the Gelman cellulose acetate electrophoretic materials.
Band 3 appears to be diminished and band 4 appears relatively normal.
Band 9 has changed very little throughout this study.
Here again unaccountable factors are evident.

Apparently star

vation of the bug suppressed protein peak 3 to the point that it will not
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readily rebound even after the bug has fed to repletion.

It is interesting

to note in Figures 34 to 36 that a continuous decline in the density of the
protein bands has occurred.

This would indicate, that the concentrated

proteins were being diluted by the moisture in the blood meal.

In Figure

36, the protein peaks, except for band 3, are returning to a semblance
of normalcy.

If these bugs were fed regularly their protein patterns

would return to the typical T. rubida uhleri pattern depicted in Figure
33.

Table 2 illustrates the mean protein volume present in starved
bugs.

The protein values were obtained by counting the tally marks re-

corded by the integrator;

the mean percentages were obtained from the

individual bands of all 3 groups.

Note the large drop in mean total pro

tein during the 1st 6 hours after feeding, i. e. , 128. 5 to 73. 0.

The pro

tein levels remained quite constant during the following 18 hours, i. e. ,
73. 0 to 71. 0.
In attempting an electrophoretic taxonomic separation of field
collected bugs one should be extremely careful not to use the hemolymph
of bugs starved for a long period of time because the patterns may not
be entirely typical, as demonstrated in Figures 33 to 36.

The best pro

cedure would be to bring field collected bugs to the laboratory and place
them on a controlled diet.

In this investigation it was found that the pro-

tein of well-nourished bugs may be optimally separated 3-4 days after
feeding.
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Summary:
The current investigation was conducted to determine what biolog
ical,

physical and human factors might be expected to influence the

electrophoretic hemolymph protein patterns of Triatoma rubida.

In addi

tion, a taxonomic study was conducted using natural and hybrid popula
tions of the Triatoma Rubida Complex.
Controlled experiments were conducted using Gelman cellulose
acetate electrophoretic strips to determine the effects of pH and buffer
temperatures on the resultant protein bands.

It was found that pH, the

length of the electrophoretic run, buffer temperature, the condition of
the power supply, and the amount of current used may all affect the final
protein patterns produced.
Computer-programmed data obtained during this study indicated
that in all cases taxonomic discrimination was achieved to the subspecific and hybrid levels.

In addition 95. 9% (94 out of 98) of the bugs were

correctly identified to sex.

The canonical scattergrams obtained from

computer-programmed data demonstrated the relative positions of the
natural and hybrid populations.
Laboratory induced bleeding caused decided changes in the elec
trophoretic protein patterns.
4-week period.

A drop in total protein was noted over a

To corroborate this finding a total protein count was

performed on bled and non-bled bugs from the same colony.

The bled

bugs had only 67% as much protein in their hemolymph as did the non-
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bled bugs.
Some differences in the serum proteins between rabbit-fed and
chicken-fed bugs were noted.

The mean protein volume is higher for

rabbit-fed than for chicken-fed bugs.

An electrophoretic study in kis

sing bug taxonomy should, whenever possible, use bugs fed on the same
host.
Pathological conditions encountered in the bugs are very likely
to affect the protein pattern obtained by electrophoresis.

Extreme dif

ferences were found in the serum of a normal bug as compared with a
bloated, whitish, translucent,

less agile bug from the same colony.

The protein pattern from the pathological bug was altered to a consider
able extent.
Except for migration distances, very few differences appeared
to be present between the 4th and 5th instar bugs.

Fifth instar bugs were

used for most of this study because it is much easier to draw hemolymph
from 5th instar bugs than from the younger instars.

Obvious differences

were seen between the protein patterns of normal and starved T. rubida
uhleri.

The starved bugs yielded very dense protein bands.

Apparently

the hemolymph protein becomes less dense after feeding due to dilution
with water from the blood meal.
Electrophoresis may prove to be of taxonomic value in the biosystematic study of closely related subspecific and hybrid populations.
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Figure 1.
1. Beckman Spinco Duostat Regulated Power Supply Unit, Model
"R".
Z. Dimco-Gray Timer, Model 168.
3. Electrophoretic Migration Chamber.

Figure Z.
1. Densicord Recording Electrophoresis Densitometer, Model
54Z.
Z. Photovolt Electronic Integrator, Model 49.
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Figure 3.
1. Triatoma rubida uhleri, adult d (left), and 5th instar nymph.

Figure 4.
Hemolymph collecting on the amputated tarsus of Triatoma rubida uhleri.

Beckman pipette (Cat. No. 320016) in position to take

up 7 lambda of hemolymph.

Figure 5,
Gelman Electrophoresis Sample Applicator (Cat. No. 51220)
loaded with 4 lambda of hemolymph.

Figure 6.
Hemolymph sample applied to Gelman cellulose acetate strip.

Figure 7.
A stained electrophoretic strip of Triatoma rubida uhleri.

This

cellulose acetate strip was scanned at a ratio of 1:1, thus the
peaks on the tracing correspond with the protein bands on the
strip.

The number of tally marks produced by the integrator.

corresponds with the density of the respective protein bands.
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Figure 8.
Nine proteins were distinguished in the hemolymph of the Triatoma Rubida Complex.

The relative positions of each of the 9

proteins is shown in this illustration.
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Figures 9 - 10.
Triatoma rubida uhleri Neiva.
Arizona.

($ ) Superstition Mts. , Pinal Co. ,

Electrophoretic hemolymph tracings illustrating pro

tein differences found in 2 morphologically similar Triatoma
rubida uhleri 5th instar $ nymphs.

Figure 11.
Triatoma rubida sonoriana Del Ponte, ($ ) 25 km. S. and E. Los
Mochis, Sinaloa, Mexico.

Figure 12.
Triatoma rubida uhleri - sonoriana, ($ ) Cholla Valley, Tiburon
Is. , Sonora, Mexico.

Figure 13.
Triatoma rubida cochimiensis Ryckman, ($ ) 242 km. N. W. La
Paz, Baja California Sur, Mexico.

Figure 14.
Triatoma rubida jaegeri Ryckman, ($ ) Pond Is. , Gulf of Lower
California, Mexico.

(The peak above the M0M on the right is the point of application,
and not the result of a protein band)
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Figure 15.
Hybrid #177 (rubida cf d* x sonoriana 9 $ ).

Figure 16.
Hybrid #17 9 (rubida d cf x cochimiensis 9 $ ).

Figure 17.
Hybrid #18(3 (cochimiensis cf cf x rubida 9 9).

Figure 18.
Hybrid #181 (rubida d

x uhleri 9 9).

Figure 19.
Hybrid #182 (uhleri cf cf x rubida 9 9).

Figure 20.
Hybrid #184 (jaegeri cf cf x rubida 9 9).

(The peak above the "0" on the right is the point of application,
and not the result of a protein band)
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Figure 21.
Triatoma rubida uhleri 5th instar ? nymph.

Compare with cf

nymph in Figure 22.

Figure 22.
Triatoma rubida uhleri 5th instar cf nymph.

Figures 23 - 26.
Triatoma rubida uhleri 5th instar ? $ nymphs.

These electro

phoretic tracings illustrate the effect of laboratory-induced
bleedings of nymphs on each of 4 consecutive weeks.

(The peak above the "0" on the right is the point of application,
and not the result of a protein band)
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Figures 27 - 28.
Host effect on kissing bug proteins.

Figure 27 illustrates trac

ings from rabbit-fed Triatoma rubida uhleri 5th instar d nymphs.
Figure 28 illustrates tracings from chicken-fed d* nymphs.

Figures 29 - 30.
A comparison of a normal Triatoma rubida sonoriana 5th instar
$ nymph (Fig. 29), and an abnormal appearing 5th instar $ bug
from the same colony.

Figures 31 - 32.
A comparison of Triatoma rubida cochimiensis 4th instar nymph
(Fig. 31) with a 5th instar $ nymph from the same colony.

(The peak above the "0" on the right is the point of application,
and not the result of a protein band)

Figure 33.
This illustration is an electrophoretic tracing from a wellnourished Triatoma rubida uhleri 5th instar ? nymph.

This bug

was fed 3 days previous to the electrophoresis of its hemolymph

Figure 34.
Starved Triatoma rubida uhleri 5th instar $ nymph.

These bugs

were collected 12. VIII. 1965 near Vail, Arizona.

Figure 35.
Five month starved Triatoma rubida uhleri 5th instar $ nymph
that had been fed 6 hours previous to making this electrophoretic
run.

Figure 36.
Five month starved Triatoma rubida uhleri 5th instar 9 nymph
that had been fed 24 hours previous to making this electropho
retic run.

(The peak above the "0" on the right is the point of application,
and not the result of a protein band)
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Figure 37.
A canonical scattergram of 5 natural populations of the Triatoma
Rubida Complex:
(1) Triatoma rubida uhleri Neiva;

Pinal Co. , Arizona

(Z) Triatoma rubida sonoriana Del Ponte;

Sinaloa,

Mexico.
(3) Triatoma rubida uhleri-sonoriana;

Tiburon Is. ,

Sonora, Mexico.
(4) Triatoma rubida cochimiensis Ryckman;

Baja

California Sur, Mexico.
(5) Triatoma rubida jaegeri Ryckman;
California Norte, Mexico.

Pond Is. , Baja
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Figure 38.
A canonical scattergram of 6 hybrid populations of the Triatoma
Rubida Complex:
(6) #177 (rubida cf cf x sonoriana $ § )
(7) #179 (rubida cf cf x cochimiensis $ $ )
(8) #180 (cochimiensis cf d* x rubida $ ? )
(9) #181 (rubida cT cf x uhleri ? $ )
(10) #182 (uhleri cf cf x rubida $ $ )
(11) #184 (jaegeri cf cf x rubida $ $ )
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Figure 39.
A canonical scattergram of Triatoma rubida uhleri illustrating
the effect of bleeding during 4 consecutive weeks.
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Table 1

Hemolymph Protein in Rabbit and Chicken-Fed T. rubida uhleri

Protein
1

Rabbit

47. 40*

Fed ? bugs 38. 1%**

Chicken

25. 60

Fed $ bugs 47. 1%

Rabbit

29. 60

Fed cfbugs 35. 1%

Chicken

29. 20

Fed cfbugs 41. 2%

*

3

4

9

Mean
Protein
Volume

29. 80

1. 80

124. 40

1.4%

100. 0%

Bands
7

33. 60

11. 80

27. 0%

9. 5%

24. 0%

11. 00

6. 80

11. 00

54. 40

20. 2%

12. 5%

20. 2%

100. 0%

25. 20

10. 20

17. 80

1.40

84. 20

30. 0%

12. 1%

21. 1%

1. 7%

100. 0%

12. 80

11. 80

16. 00

1. 00

70. 80

18. 1%

16. 7%

22. 6%

1. 4%

100. 0%

Mean protein volume per band determined from tally marks.

** Mean percentage of the total hemolymph protein present per band.
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Table 2

Hemolymph Protein in Starved and Fed T. rubida uhleri

Protein
1

Starved
5 months

Fed
6 hours

Fed
24 hours

*

3

4

Bands
7

9

Mean
Protein
Volume

61. 75*

15.75

16. 25

32. 25

2. 50

128. 50

48.1%**

12.3%

12. 6%

25. 1%

1. 9%

100. 0%

42. 25

5. 00

6. 75

18. 75

0. 25

73. 00

57. 9%

6. 9%

9. 2%

25. 7%

0. 3%

100. 0%

34. 50

5. 25

12. 75

16. 75

1. 75

71. 00

48. 6%

7. 4%

17. 9%

23. 6%

2. 5%

100. 0%

Mean protein volume per band determined from tally marks.

** Mean percentage of the total hemolymph protein present per band.
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Table 3

Canonical Variables Evaluated at Group Means (see Figs. 37 & 38)

X

Y

Z

1. T. r. uhleri $

7.85027

-0.83871

-0.92250

T. r. uhleri cf

1.46514

-5.34597

0.63836

2. T. r. sonoriana $

-1.17308

0.00145

1.16113

T. r. sonoriana cf

0.83596

2.14083

-3.91965

-0.83243 -10.25765

-0.01713

1.40051

8.83973

3. 89179

4. T. r. cochimiensis $

0.90480

1.43534

-2. 15917

T. r. cochimiensis cf

0.97479

1.90947

-4.91191

5. 58791

-0.47654

0. 14133

-2.25371

-0.68411

1.05280

7. #179 (rubida cf cf x cochimiensis 9 9 )? 6. 18235

-0. 51655

-1.14356

8. #180 (cochimiensis cfcf x rubida 9 ? )? -2. 29137

-0. 49132

3.41422

1.40640

-2. 52155

3.73920

9. #181 (rubida cf cf x uhleri 9 ? )9

-5. 45934

0.38337

-1.03472

#181 (rubida cf cf x uhleri 9 9 Jb*

7.23853

10. #182 (uhleri cf cf x rubida 9 9)9

-5. 44210

0.54781

-0.76008

#182 (uhleri cf cf x rubida 9 9)^

-5.32248

0. 16404

0. 42999

11. #184 (jaegeri cf cf x rubida 9 9)9

6. 18105

-0. 68851

0. 54683

#184 (jaegeri cf cf x rubida 9 9 )b*

7.32506

-0.29296

-0.17394

3. T. r. uhleri-sonoriana $
T. r. uhleri-sonoriana cf

5. T. r. jaegeri $
6. #177 (rubida cf cf x sonoriana $ 9 )$

#180 (cochimiensis cfcf x rubida 9 $

0. 95615 -0.93659
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Table 4

Canonical Variables Evaluated at Group Means (see Fig. 39)

X

Y

Z

1. T. r. uhleri 9

7.85027

-0.83871

-0.92250

T. r. uhleri d*

1.46514

-5.34597

0.63836

2. T. r. uhleri $

2. 22722

3. 20607

-0. 20245

T. r. uhleri cf

1.94892

2.65986

1.60042

3. T. r. uhleri 9

-2. 38243

0.74618

1.77214

T. r. uhleri c?

-2.46530

1.08917

-2.48575

4. T. r. uhleri $

-4.31956

-0.65534

0.34724

T. r. uhleri cf

-4.32426

-0.86127

-0.74746
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ABSTRACT

A taxonomic study of the Triatoma Rubida Complex was conducted
at the subspecific and hybrid levels using cellulose acetate electrophore
sis to differentiate proteins in the hemolymph.
The following studies were conducted and results obtained:
Laboratory-induced bleeding over a 4-week period markedly lowers the
total protein of the bugs studied.

Patterns obtained from chicken-fed

and rabbit-fed bugs, although similar, showed some noticeable differences.

Pathological-appearing bugs demonstrated protein patterns that

varied greatly from the patterns obtained of normal bugs.

The protein

patterns obtained from hemolymph of 4th and 5th instar nymphs were
quite similar, except for distance of migration.

The computer was able

to classify the bugs as to sex in a high percentage of cases.

Bugs

starved for extended periods of time were found to have greater protein
density in the hemolymph than those fed more recently.

The protein

was found to become more dilute in the succeeding hours after blood
meals.
Careful measurement of protein volumes, peak heights, and
migration indicates that all of the above entities may influence, to a
greater or lesser degree, the protein composition of the hemolymph
and thus should be considered in taxonomic studies.
that these variables should be standardized.

Evidence suggests
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The following subspecies of Triatoma rubida and their hybrids
were used in this study:

T. rubida uhleri, T. r. sonoriana, T. r. uhleri-

sonoriana, T. r. cochimiensis, and T. r. jaegeri.
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